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ABSTRACT 
International Journal of Exercise Science 5(4) : 321-333, 2012. The purpose of this 
study was to determine the effects of a short-term novel multidimensional aquatic exercise 
program on functional abilities of healthy older adults. Twenty-six men and women (mean age 
76.33 + 5.55 years) were recruited and assigned to an aquatic- (n = 15) or land-based (n = 11) 
training group.  The aquatic training group completed a multidimensional water exercise 
program that incorporated resistance training, functional exercise movements and rudimentary 
aquatic plyometric activities. The active control group participated in a supervised land-based 
fitness program.  Each exercise intervention was conducted over an 8-week period (16 sessions of 
30 - 40 minutes) with the training load progression adjusted equally between groups using the 6 - 
20 Rating of Perceived Exertion Scale (RPE). Prior to and immediately following the intervention, 
both groups were evaluated with select components of the Senior Fitness Test.  The 30-second 
chair stand, 30-second arm curl, and 8 foot up and go were selected as measures of strength and 
functional abilities. The results of an independent t-test indicated that the control and 
experimental groups were matched for functional abilities prior to the intervention. A 2 (group) x 
2 (time) analysis of covariance (ANCOVA) with repeated measures revealed significant 
differences in the pre- to post-testing measures for the aquatic training program for the arm curl 
(p < 0.01) and the 8 foot up and go (p = 0.02). Analysis of the active control revealed no pre-post 
differences for any measure.  Thus, a short-term aquatic exercise program with multidimensional 
intervention strategies will significantly enhance functional abilities in older adults when 
compared to a functionally matched active control group. 
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INTRODUCTION 
 
The aging process is marked by the 
diminishing physiological and functional 
capabilities of older adults. The result of 
this decline in function is due to the loss in 
muscular strength and related impaired 
functional mobility (5) which often leads to 
falls, reduced independence, and increased 
healthcare costs (23).  At approximately 
fifty years of age, muscular strength begins 
to decline at a rate of 12-15% per decade, 
with a more rapid loss after the sixty-five 
years of age (11, 22). The quantity of muscle 
tissue and the quality of the force 
generating capacity of the muscle are 
diminished with advancing age, which 
contribute to physical frailty and loss of 
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independence (45).  Furthermore, this 
reduction in the quantity of muscle of older 
adults is described as an age related 
atrophy of the muscle mass resulting in a 
decrease in the total cross sectional area of 
the muscle (4).  Additionally, the factors 
contributing to the reduction in force 
generating capacity have been attributed to 
the following: a selective atrophy of the 
Type II muscle fibers which are associated 
with higher force generating capacities (4), 
a reduction of motor neurons innervating 
the Type II muscle fibers and reinnervation 
with the slower Type I muscle fibers (22), 
and changes in specific movement 
properties (25). 
 
Exercise intervention strategies such as 
resistance training may be an important 
factor for reducing the effects of these 
alterations that contribute to impaired 
function of the aging muscle (23).  Recent 
research indicates that sedentary older 
adults can anticipate a 0.18 kg decline in 
lean body mass per year in contrast to a 1 
kg increase for older adults who engage in 
resistance training exercise (27). Traditional 
modes of resistance training have been 
shown to enhance functional abilities in 
older adults including measures of 
strength, agility, and dynamic balance (5), 
and performance measures that relate to 
everyday activities (6). Recently, 
multidimensional programs, which 
emphasize speed and dynamic movement 
patterns have been shown to increase 
functional ability in older adults (26, 40). It 
is imperative to target exercise modalities 
and intervention strategies to prevent 
disability and to optimize independence in 
the older population (41). 
 
Several studies have demonstrated the 
benefits of water-based conditioning for a 
variety of populations.  Increases in aerobic 
fitness (3, 38, 39), muscular strength (32, 
38), muscular power (24, 28, 30), and 
functional ability/mobility (35, 42) have 
been observed following participation in 
aquatic-based exercise programs.  For some 
older adults, the aquatic environment may 
be an effective alternative to traditional 
land-based exercise to improve parameters 
of functional ability while reducing the risk 
of injury during exercise. First, water 
provides a safe and low impact medium for 
exercise. The buoyancy of the water permits 
movement without the added gravitational 
force on the joints, and the close proximity 
of the fluid medium to the body allows for 
support and freedom of movement while 
negating the risk of falling (35).  
Specifically, water emersion to 
xiphisternum reduces the weight-bearing 
demand of the body between 50 - 70% of 
dry land weight (17).  The combination of a 
supportive medium and buoyancy may 
offer older adults with diminished 
musculoskeletal abilities more security to 
perform activities that they are not able to 
perform on land.  Secondly, the drag 
properties associated with the body 
movements in a water environment allow 
for resistance during the full range of 
motion.  The retention of these properties 
preserves the mechanical mechanisms 
behind functional movements and strength 
training (28).  Thirdly, the combination of 
buoyancy and resistance properties allow 
for exercise modalities in an aquatic 
environment that are generally too stressful 
on land for older populations.  For 
example, studies of similar aquatic and 
land plyometric exercise programs in 
younger women have found that the 
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aquatic plyometric activity provided the 
same performance enhancement benefits as 
land plyometrics (30). 
 
Therefore, aquatic intervention exercises 
that utilizes a multidimensional approach 
to training may be an ideal environment to 
introduce the benefits of functional 
training, specifically, using higher velocity 
resistance training and plyometric exercises 
for older adults.  Studies on sedentary and 
recreationally active younger adults have 
found that participating in aquatic exercise 
programs, which incorporate power 
movements (e.g., plyometric exercise), 
resulted in significant improvements 
among areas of functional mobility 
including muscular power, muscular 
strength, and velocity of movement (20, 30).  
In older adults functional ability along with 
power, strength, and velocity of movement 
can be measured via the 8 foot up and go 
and the 30-second chair rise (29, 30).  
However, to our knowledge, no research to 
date has explored the use of a short-term 
aquatic exercise intervention that utilize 
multidimensional and plyometric exercise 
for older adults. 
 
Thus, the purpose of our study was to 
assess the effects of an 8-week 
multidimensional aquatic exercise program 
that specifically integrated high velocity 
functional movements and plyometric 
exercises on functional abilities that 
incorporate muscular strength, muscular 
power and mobility.  We hypothesized that 
a short-term multidimensional aquatic 
program would result in improved 
functional ability and muscular 
performance for older adults in comparison 
to an active land-based control group. 
METHODS 
 
Participants 
Twenty-eight recreationally active (exercise 
or recreational activities three times per 
week) men and women (ages 65 - 90) were 
recruited from a retirement community to 
participate in a prospective quasi-
experimental designed study.  Upon arrival 
to the initial informational session, subjects 
were randomly assigned to the traditional 
or water group via a random number chart.  
However, in a few instances, a fear of water 
or the insistence of the facility staff required 
three participants to be placed in a land-
based group.  Each group received a 
detailed explanation of the study, including 
the methods and procedures, completed a 
health history questionnaire and signed a 
written informed consent prior to 
participation in the study.  The testing 
methods, exercise interventions, and 
written informed consent were approved 
by the Institutional Review Board of the 
educational institution conducting the 
study and were also approved by the senior 
administration of the participating 
retirement community. 
 
Multidimensional aquatic-based exercise: 
Fifteen (women, n = 11, men, n = 4) healthy 
and recreationally active older adults (mean 
age, 75.6 + 4.8 years; height, 1.6 + 0.2 m; 
body mass, 69.4 + 10.09 kg) were recruited 
from a retirement community through 
advertisements on a campus-wide TV 
message board and through fliers inserted 
into mailboxes.  To be considered for 
inclusion in the study, the participants met 
the following criteria: over the age of 65, 
recreationally active, free from 
musculoskeletal, neurological, or 
cardiovascular disorders, not taking 
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medications that contraindicated exercise 
participation, and comfortable performing 
exercise in chest-deep water. 
 
Active control (land-based) exercise: 
Eleven (women, n = 4, men, n = 7) healthy 
and physically active older adults (mean 
age 79.6 + 10.1 years; height, 1.7 + 0.09 m; 
body mass, 77.1 + 16.3 kg) were recruited 
from the fitness and recreational program 
at the same retirement community as the 
subjects in the aquatic-based exercise 
group.  To be considered for inclusion in 
the control group, the participants met the 
following requirements: were over the age 
of 65, were recreationally active, were free 
from musculoskeletal, neurological, or 
cardiovascular disorders, were not taking 
medications that contraindicated exercise 
participation, and agreed to participate, log, 
and be under the supervision of an exercise 
specialist for the 8-week period.  The land-
based exercise program for the control 
group included walking (treadmill and 
over-ground), low impact aerobics, or 
square dancing and refrained from strength 
training activities (16).  Subject selection 
protocol is described in figure 1. 
 
 
 
Figure 1.  Subject selection. 
 
Protocol 
To establish pre-program functional fitness 
levels, each subject completed a series of 
testing procedures to measure the 
functional abilities of muscular strength, 
power and agility.  The testing protocol 
included the 30-second chair stand, arm 
curl test, and 8 foot up and go as outlined 
and described by the Senior Fitness Test 
(29).  The functional training group and the 
active control group were tested at baseline 
within one week prior to starting the 8-
week program.  Post-testing occurred 
within one week following the completion 
of the program. 
 
Functional Testing Protocol 
Chair Stand Test: A standard chair (seat 
height of 43.18 cm) was positioned against a 
wall to avoid movement of the chair during 
the test.  The participants were instructed to 
sit in the chair with their buttocks 
positioned in the middle of the chair while 
keeping their back straight, feet flat on the 
floor and arms folded across their chest.  
On command, the participants were 
instructed to rise to a full standing position 
and return to the previous seated position 
as many times as possible in the 30-second 
time period.  The number of successfully 
completed stands was recorded as the final 
score (29). 
 
Arm Curl Test: A folding chair (seat height 
of 43.18 cm) was positioned against a wall 
to avoid movement during the test.  The 
participants were instructed to sit in the 
middle of the seat with their body shifted 
close to the edge of the seat of the preferred 
arm to be used during the test (hand 
dominance was recorded to ensure that the 
post-test was conducted with the same 
arm). The test began with the weight (2.27 
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kg and 3.63 kg dumbbell for women and 
men, respectively) in the preferred hand 
and the arm completely extended by the 
side.  On command, the participant 
performed full flexion of the elbow (curled 
the weight to the flexed position) and then 
extended the forearm back to the original 
position as many times as possible in the 
30-second time period. The total number of 
completed curls was recorded (29). 
 
8 Foot Up and Go Test: A chair (seat height 
43.18 cm) was positioned against a wall to 
avoid movement during the test.  
Participants were instructed to sit in the 
chair with their buttocks positioned in the 
middle of the chair while keeping their 
back straight, feet flat on the floor, and 
hands resting on their thighs.  A small cone 
was placed at a position of 8 feet (2.44 m) 
from the front edge of the chair. On the 
command of “go”, the participant stood up, 
walked a path around the cone as quickly 
as possible and returned to the seated 
position in the same chair.  The total time to 
navigate the course at one time was 
recorded.  (A technical note: the stopwatch 
was started on the command of “go” and 
not the actual movement of the subject) 
(29).  Each person completed three trials 
and the best time was used as the score for 
analysis. 
 
Training Protocol  
Functional/multi-directional aquatic-based 
training: The exercise sessions were 
performed in a heated pool with the water 
level at approximately the xiphoid process.  
Each exercise session was lead by an ACSM 
certified exercise specialist trained in 
aquatic exercise.  The subjects attended a 
45-minute exercise session twice a week for 
the 8-week training period.  Each exercise 
session began with a 5 - 10 minute warm-
up including water walking, passive 
stretching, and dynamic range of motion 
exercises corresponding to an intensity of 
11 (Light) on the Borg Rating of Perceived 
Exertion Scale.  The exercise and 
conditioning portion of the aquatic session 
included 30 minutes of resistance exercises, 
aerobic conditioning, and low-level 
plyometric training.  To increase the 
functional and multi-directional component 
of the movements, the subjects were 
instructed to move the body through the 
full range of motion to the point of 
instability with or without the resistive 
devices (e.g., water dumbbells, noodles, 
inflatable balls and kickboards) depending 
on the exercise performed.  The subjects 
were instructed to perform the movements 
at an intensity corresponding to an RPE of 
13 - 15 (Somewhat Hard to Hard) (1).  The 
use of the 6 - 20 RPE scale has been shown 
to be a valid and reliable tool for 
monitoring exercise intensity during 
resistance training programs (10, 37) and 
has been previously used in older 
populations (12).  To obtain the desired 
intensity, the subjects were encouraged to 
increase the velocity of the resistive 
movements while maintaining complete 
range of motion.  The aquatic aerobic 
conditioning program and the plyometric 
exercises were used in combination to vary 
the exercise routine.  The aerobic 
conditioning program included water 
walking, water jogging, and other multi-
directional movements.  In addition, arm 
movements, resistive devices and 
directional changes were frequently used 
during the aerobic segment to add 
functional and multidimensional 
components.  All exercises within the 
aerobic conditioning phase were performed 
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at an RPE of 13 - 15 (Somewhat Hard to 
Hard).  To stress functional ability and 
power production, the low-level plyometric 
portion of the program involved activities 
such as bounding, single leg hops, varying 
forms of skipping, and vertical jumps.  The 
subjects were encouraged to work at an 
RPE of 15 (Hard) during the plyometric 
phase (approximately 5 - 10 minutes of 
intermittent exercise).  Each plyometric 
exercise was performed between 8 - 12 
times at the prescribed RPE, and subjects 
were given approximately 1 - 2 minutes 
active recovery at an RPE of 11 (Light) 
within the plyometric portion of the class 
prior to beginning a new exercise.  The 
subjects concluded their training session 
with a cool-down of walking, stretching, 
and relaxation techniques.  Throughout the 
program, the subjects were encouraged to 
increase their self-selected intensity (to 
maintain the prescribed RPE) by increasing 
Table 1.  Sample Aquatic Exercise Program. 
Phase Exercises Time Intensity 
Warm-up/Stretching 
 
 
 
 
Resistance/Aerobic/Plyometric 
     Resistance (exercises could 
     be performed with water 
     dumbbells, noodles,  
     inflatable 
     balls and kickboards) 
 
 
 
 
 
 
      
      
 
 
     Aerobic Conditioning 
 
 
 
 
 
 
 
 
 
      
Plyometric Exercises 
 
 
 
 
 
 
Cool-down 
Water walking 
2 - 3 upper body 
stretches 
6 - 8 lower body 
stretches 
 
 
Chest flys 
Press downs 
Russian twist (trunk) 
Bench press 
Stork push 
Golf swings 
Hula hoops 
Variations: 
     Perform on 1-leg 
     Increase range of  
     motion 
     Reach past stable  
     point 
 
Water walking 
Water running 
Side Steps 
Carioca (carry over 
step) 
Backwards running 
Ski machine 
Variations: 
     Use arms 
     Change directions 
 
Skipping for height 
Skipping for distance 
1-leg hops 
Bounding 
Jumping Jacks 
Vertical Jumps 
 
Water walking 
Stretching 
Relaxation techniques 
 
5 - 10 minutes  
 
 
 
 
30 minutes 
Resistance 10 min 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Aerobic 10 - 15 
min 
 
 
 
 
 
 
 
 
 
 
Plyometric 5 - 10 
min 
 
 
 
 
 
5 - 10 minutes 
RPE 11 
 
 
 
 
RPE 13 - 15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RPE 13 - 15 
 
 
 
 
 
 
 
 
 
 
RPE 15 
 
 
 
 
 
 
RPE 11 
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the speed and number of movements in 
each of the program areas of resistance 
training, aerobic conditioning, and 
plyometric drills.  A sample program is 
outlined in table 1. 
 
Active control (land-based) exercise: The 
exercise sessions for the control group were 
performed at the fitness facility of the 
retirement community under the 
supervision of an exercise specialist.  The 
subjects within this group engaged in their 
normal fitness and recreational activities of 
walking, biking, running, and/or weight 
training at a minimum of 20 - 30 minutes 
per session, 3 times per week.  Exercise 
session time of 20 - 30 minutes was 
matched for the actual “workout” time of 
the aquatic group.  The exercise specialist 
encouraged the control group to warm-up, 
stretch, and cool down to achieve a total 
exercise time of 45 minutes, matching the 
exercise activity of the aquatic group.  The 
intensity of the control group was set at an 
RPE of 13 - 15 (Somewhat Hard to Hard) 
and the subjects were encouraged to self-
adjust their intensity to maintain the 
prescribed RPE.  All activity was recorded 
in an activity log and reviewed by the 
exercise specialist. 
 
Statistical Analysis 
All data were analyzed using SPSS v.11 
(SPSS Inc., Chicago, IL) statistical software 
package.  Descriptive statistics (mean and 
standard deviations) were used to describe 
the population demographics for the 
subjects in the study.  The pre-program 
functional fitness levels were compared 
using an independent t-test to test for initial 
group differences.  A 2 (group) x 2 (time) 
analysis of covariance (ANCOVA) with 
repeated measures using the pre-test scores 
as the covariate was used for between 
group comparisons.  Paired t-tests were 
used to analyze the difference between the 
pre-program and post-program measures.  
An α level was set at 0.05 a priori between 
groups and for the effect of time for each 
functional variable. 
 
RESULTS 
 
Functional Testing 
The independent t-test revealed that there 
were no initial differences in pre-program 
 
Table 2.  Comparison of variables (mean + standard deviation). 
Variable     Aquatic Group 
   Pre                Post 
 
% 
Change 
            Control 
      Pre              Post 
 
% 
Change 
Chair Stand  10.9 + 3.7   14.1 + 4.9** 28.8 13.6 + 5.7   15.3 + 6.7 
 
12.7 
Arm Curl¶  
      
19.1 + 5.0   23.8 + 3.7*** 24.5 22.6 + 5.2   22.6 + 5.6 0 
8’ Up and Go¶ 7.0 + 2.7   5.8 + 1.4*** 17.6 6.4 + 2.0     6.7 + 2.4 -4.8 
*p < 0.05, **p < 0.01, ***p < 0.001, significantly different from baseline (paired t-tests) 
¶ Significant difference between groups, aquatic and control group (ANCOVA) 
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scores between the water-based group (n = 
15) and the control group (n = 11) for any of 
the three testing measures.  The 2 (group) x 
2 (time) ANCOVA with repeated measures 
with the pre-score serving as the covariate 
revealed no significant differences for the 
main effect of group (aquatic- and land-
based exercise) for any of the variables 
tested (table 2).  Significant differences were 
found for the main effect of time (pre- to 
post-intervention).  Interaction effects 
revealed that the aquatic exercise group 
gained statistically significant improvement 
for the arm curl (p < 0.01), and 8 foot up 
and go (p < 0.01) as compared to the land-
based exercise group (table 2). 
 
 
 
Figure 2.  Percent change in performance variables 
from pre-test to post-test. *p < 0.05, **p < 0.01, ***p < 
0.001, significantly different from baseline. 
 
The results for the chair stand show the 
greatest improvement in percent change; 
however, the use of a pre-test covariate 
indicates that the group means are not 
significant at the  alpha level of 0.05.  
Follow up paired t-tests for pre-post 
differences for the control group revealed a 
significant difference for only the chair 
stand (p = 0.03).  Pre-post differences for 
the aquatic group showed significant 
differences for the chair stand, arm curl, 
and up and go (p = 0.001, p = 0.000, and p = 
0.01, respectively).  Pre- and post-test scores 
for the groups are expressed as percent 
change and are located in figure 2. 
 
DISCUSSION 
 
The results of this study demonstrated that 
an 8-week multidimensional exercise 
intervention performed in an aquatic 
environment significantly improved 
selective measures of muscular strength 
and functional ability (e.g., dynamic 
balance/mobility in older adults).  In 
addition, the results of this study offer 
health care providers and exercise 
specialists insight to a novel aquatic 
exercise intervention designed to address 
the complications associated with the 
reduction in muscular strength and power 
of the aging population.  Our study is 
unique from other comparative studies of 
aquatic- and land-based programs 
conducted to date since our short-term 
exercise intervention utilized a 
multidimensional program focused on 
incorporating high velocity resistance 
movements and plyometric exercises as a 
significant portion of the program to elicit 
functional improvements. 
 
Previously, aquatic exercise interventions 
have demonstrated the benefits of water-
based conditioning for a variety of 
populations (3, 24, 28, 30, 32, 35, 38, 39, 42).  
More recently, Tsourlou (41) studied a 
group of aquatically trained subjects over a 
twenty-four-week period and found similar 
results to those in this study for power, 
strength and functional mobility.  In their 
study, the aquatically trained individuals 
significantly increased in all measurement 
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variables, whereas the inactive control 
group failed to yield significant increases in 
any of the variables.  In the present study, 
we elected to use an active control group to 
compare a short-term multidimensional 
aquatic training program to a traditional 
aerobic exercise program.  The results from 
our study found similar gains in strength 
and functional mobility.  The 
multidimensional aquatic group elicited 
significant improvement in all three 
assessments, whereas the traditional group 
only increased in the chair stand.  
Interestingly, the aquatic group showed 
significant improvement in arm curl and 
the timed up and go.  This suggests that the 
multidimensional components integrated 
into the aquatic exercise program not only 
increased leg strength but also increased 
upperbody strength and functional ability 
as measured by the timed 8 foot up and go.  
Moreover, the ANCOVA revealed that 
while adjusting for baseline levels, the 
aquatic group increased significantly more 
than the active control group. 
 
Functional or multidimensional 
interventions are based on the concept of 
specificity of training.  These exercise 
stimuli mimic activities performed in 
everyday movements and are most likely 
associated with the individual’s dynamic 
living environment (12).  Additionally, 
multidimensional programs are exercise 
interventions that utilize multiple 
components of physical fitness and have 
been shown to increase functional abilities 
in older adults (26, 40).   For example, a one 
year program incorporating traditional 
aerobic conditioning with specific 
functional training using a resistance 
component (stair climbing with a weighted 
vest) increased not only the functional 
ability of the female participants, but also 
muscle fiber area as assessed by muscle 
biopsy (9).  The multidimensional and 
functional activities involved in this study 
utilized specific dynamic functional 
movements (e.g., forward/backward 
walking, carioca steps, changing directions, 
extended reaching), strength exercises (e.g., 
multiplanar movements against resistance 
of the water), and low-level plyometric 
exercises (e.g., bounding and hopping).  In 
our study, the short-term multi-
dimensional aquatic program incorporated 
activities that mimicked everyday activities.  
The aquatic environment up to the xiphoid 
process allowed for subjects to be 
supported by the water which in turn 
allowed the subjects to conduct the 
exercises at an increased velocity and 
throughout a full range of motion without 
the fear of falling.  The 8 foot timed up and 
go is a measure of functional abilities and 
was significantly faster in the aquatic group 
following the intervention than the active 
control group. 
 
Plyometric exercise is defined as an 
eccentric loading of a muscle immediately 
followed by a powerful concentric 
contraction (7).   Additionally, low-level 
plyometric exercises can be described as a 
repeated series of stretch-shortening cycles 
that produce less stress on the body while 
following the same properties of traditional 
plyometric exercises (43).  This type of 
exercises enhances neuromuscular 
adaptations to the stretch reflex, the 
elasticity of muscle, and enhanced 
proprioception.  Specifically, the stretch 
reflex is a neuromuscular response initiated 
during eccentric loading (lengthening 
phase) of the muscle during the movement, 
which in turn, facilitates motor-unit 
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recruitment during a subsequent concentric 
contraction.  This neuromuscular response 
is important in studying the aging process 
because of the substantial changes in the 
neuromuscular reflex system, including 
weaker and slower muscle force generation, 
as a result of the aging process (8) and the 
ability to process information to activate a 
muscular response (36).  However, physical 
training may enhance the human 
neuromuscular system when it undergoes 
significant and specific adaptations as a 
result of a particular mode and quantity of 
physical activity (21).  Plyometric training 
has been reported as an exercise stimulus 
that reduces the time required for voluntary 
muscle activation, which may facilitate 
more rapid changes in movement direction 
(44).  Miller et al. (24) and Robinson et al. 
(30) demonstrated that an aquatically based 
plyometric program could produce an 
increase in power and performance 
measures.  Furthermore, Miller et al. 
determined that the aquatic plyometric 
program can be a viable alternative to land-
based plyometric activity.  The findings of 
this study did not demonstrate a significant 
difference between in chair stand scores 
between the aquatic and control group.  
Each group increased in their chair stand 
measures; however, the aquatic group 
increased 28.8% as compared to 12.7% in 
the active control.  Further research needs 
to be conducted on the possible benefits of 
low-level plyometrics in older populations 
with more sensitive measures of strength 
and power. 
 
The final consideration for the development 
of functional abilities, muscular strength, 
and muscular power is the intensity or 
effort generated during the exercise 
sessions.  The methods of this study 
incorporated the use of the RPE to estimate 
session intensity at RPE 15 (Hard) or 
approximately 70% of maximal effort (37).  
The increased effort of the program was 
achieved by increasing the velocity and 
range of motion of the activities.  The drag 
forces and resistive force generated through 
the range of motion in the aquatic 
environment elicit a condition in which the 
functional movements and plyometric 
exercises use repeated high velocity 
contractions during movement through the 
full range of motion.  Poyhonen et al. (28) 
reported that when performing resistance 
exercise in water, the doubling of the 
velocity of movement will result in a 
quadruple increase in the drag forces of the 
water.  It has been reported that high 
velocity training in older adults will 
increase functional outcomes and muscular 
power (13, 15, 18) and that high intensity 
training will produce greater improvements 
in power than traditional low velocity 
training (15, 33). 
 
The results of the current study give 
significant insight to the adaptation of older 
individuals performing a multidimensional 
aquatic program with short-term 
interventional strategies specifically 
compared to an active control preforming a 
supervised exercise intervention that did 
not incorporate any strength training or 
multidimensional movements. However, 
limitations of the study do exist.  First, the 
small sample size and exclusion of 
individuals with physical limitations may 
weaken generalizability of the study to a 
wide scope of older adults.  The individuals 
in this population were healthy 
recreationally active older adults; therefore, 
future studies should investigate 
populations with impaired function, 
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marked physical frailty, or specific chronic 
conditions, which could further benefit 
from a multidimensional aquatic program.  
In addition, recreationally active was 
defined as performing exercise or 
recreational activity at least three times per 
week.  We did not measure baseline fitness 
levels, thus, the self-identification of 
recreationally active could have lead to 
unmatched groups. Secondly, the study 
relied upon purely functional measures for 
strength and power.  Strength and power 
have been measured using isokinetic 
dynamometers (14, 19), isotonic leg press 
(2, 13, 18), pneumatic resistance device (15), 
vertical jump (22, 31), timed chair climb 
(18), 5-second chair rise (18), 10-second 
chair rise (34), and a 30-second chair rise 
(19).  Although each measured a different 
aspect of strength or power, the 30-second 
chair rise was utilized in this study since it 
has been significantly correlated with 
strength and leg extensor average power 
(18, 19).  Future research using other 
functional and/or biomechanical testing 
may help further define short-term gains 
comparable to those demonstrated in this 
study. 
 
In conclusion, the production of muscular 
strength is important for the older 
population in various activities of daily 
living such as rising from a chair or 
climbing stairs.  As a result, a high velocity 
exercise intervention such as a 
multidimensional aquatic program may be 
ideal to help develop functional abilities as 
well as lower body strength and power in 
older adults (12).  Some resistance or 
weight bearing programs that are land-
based may not be appropriate for the older 
population as a consequence of the stress 
that is placed on the bones and joints due to 
the impact forces generated with ground 
contact.  Therefore, we conclude that a 
short-term aquatic program concentrating 
on functional movements creates a stimulus 
to improve functional abilities and is an 
effective mode of exercise for the older 
population, specifically for the acquisition 
of muscular strength and power associated 
with activities of daily living. 
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